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'« Compact toilets, optimization of fecal canisters
‘mass and volume, trash management strategies,
autonomous tracking of cargo, autonomous
manipulation of cargo using robotics, and longer
wear crew clothing

LR Technologies

Mass Reduction Approach LR Goals FY22+
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Less mass and volume directly assist in spacecraft
design

Reductions in logistics-related crew time frees up time
for science, vehicle critical activities and ....

LOGISTICS

REDUCTION




155 UWMS installed in Node 3, ISS

Orion UWMS installed in Artemis-II

Universal Waste Management System
« ISS Unit — Toilet
*  Orion Unit — Waste Management System (WMS)

Toilet for exploration missions

Reduction in mass and volume
« Toilet is 65% smaller and 40% lighter than current ISS

toilet (WHC
e  WMS is 61% smaller than Shuttle Toilet
ISS Toilet

 Delivered June 2020

« Completed 17-day Limited Checkout in November 2021

*  Returned Fecal Canister updated capacity from 20 to 13
geposn‘s which is a key manifest item for Orion’s Artemis-
+

»  Currently working technical challenges

Orion WMS
* Delivered December 2019
* Installed into Artemis-II Vehicle March 2021
* Powered/run every 3 months since delivery and install
« Awaiting launch of Artemis-l|
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Metabollc aste AIternate Fecal Camster (AFC)

 |SS toilets use hard-sided metal canisters to collect and store feces
 Heavy

« Empty canisters take up a lot of room for launch and stowage

. . Volume Comparison (cm?)
* Robust and efficient for containing waste and odors Empty and
. . . C d Full
- Alternate Fecal Canister (AFC) developed for use with UWMS (ISS new Toilet) and s 8193
compresses for launch/stowage when empty UWMS FC 13517 13517
e \olume SaVingS Mass Comparison (kg)
. . W/ Lid* W/o Lid
+ Weight savings AFC 1.131 0.451
« Use of flexible material and construction equally efficient at containing waste and odors UWMS FC 1.5 0.82
Material selection key to successful design *Lid Mass 0.68kg
Commercial Body Bag material Volume and mass comparison for

fecal canisters

* Currently first set of AFC’s are on ISS awaiting technology demonstration with UWMS



Other Metabolic Waste
Advancements

* Pursuing SBIR contracts for fecal processing for water
recovery and stabilization of waste

e Advanced Fuel Research — Torrefaction of feces at
temperatures up to 250°C

* Ultrasonic Technology Solutions — Using piezoelectric
transducers to mechanically shake water out of feces
with ultrasonic waves

* Updated Seat and Fecal Bag design — redesign in
progress starting with HLS Lavatory On-Orbit (LOO)
design

* Demonstration planned with UWMS on ISS
* Will potentially replace bags/seat on Orion’s Artemis-2




1SS Inventory and Stowage and REALM
Experiments

ISS has approx. 118 cu m (2250 CTBe) of usable stowage space
* CTBe: Cargo Transfer Bag equivalent

* On board stowage is tracked and utilized via the Inventory Management System (IMS)
* Tracks over 130,000 items (2019)
« 64,000 items are active
« ~3,000 items are considered lost

* RFID-Enabled Autonomous Logistics Management (REALM) experiments are jointly funded by NASA’s Advanced
Exploration Systems (AES) and ISS Programs

* Why: Autonomous Logistics Management (ALM) was identified in 2015 as a high priority technology need for long
duration Human Exploration missions

— ldentify location of all items
— Allows for more efficient packing

e Objectives:
— Use ISS to learn how to implement Autonomous Logistics Management
— Determine combinations of RFID strategies and how they might vary according to mission needs
— Apply knowledge to define a REALM system for Artemis and other remote exploration missions
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REALM RFID Technology Building Blocks

REALM-3
* Smart stowage system (reader integrated into drawers/racks)
: RF penetration into dense collections

aee
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REALM-2
* Robotic free-flyer equipped with RFID reader
: mobile, coverage extension, homing

REALM-1
* Fixed reader/antenna
System

: pervasive, 24/7
coverage
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Flight-like prototype Smart
Stow in a mockup

What is it....

R EAL M '3 RFID reader antennas integrated within stowage

racks or behind rack faces to decrease the amount of tags that are obscured
from the REALM-1 sI%/stem and to improve the localization accuracy. REALM-
3 directly builds on REALM-1.

Smart Stow:

Specific ISS implementation with embedded antennas

Comprises 4 textile quadrants that fit into existing compartments of a textile
ISS ZSR (zero-gravity stowage rack).

HYD RA Each quadrant of Smart Stow has an embedded antenna
system called HYDRA (HYper-Distributed RFID Antenna),
HYDRA is a switched multiplexer antenna system that connects to an RF

port of a reader and powers itself by harvesfing a small fraction of the
incident RFID signal to run an internal microcontroller and switch.

Each HYDRA node can connect to other HYDRA nodes or to antennas, all
of which are switched so that only one antenna is active at any time.

In the combined four quadrants of Smart Stow, HYDRA contains 24
antennas, the same as the entire REALM-1 constellation in 3 ISS modules

Autonomous Logistics {
Management —
REALM-3

N T

Embedded antenna system called HYDRA (HYper-
Distributed RFID Antenna)

Status....
REALM-3 Smart Stow:

REALM-3 Smart Stow was commissioned on ISS in Q1 of FY23

already demonstrated a greatly improved capability to read items missed by
the REALM-1 system and to locate items more accurately, data analysis is in
work to determine the quantitative impacts.

HYDRA:

Under development

Evaluating numerous variations on previous HYDRA antenna for greater
resilience on background materials, especially ground plane size to better
accommodate Artemis mounting locations.



Autonomous Logistics Management —- REALM-2

REALM-2: RFID payload, including a
reader and antennas, on a robotic free-
flyer called Astrobee.

Operating on ISS since 2020

Conducts inventory audits and can hone
in on single targeted tags within about 8
inches

Since the Permanent Multi-purpose
Module (PMM) is not instrumented and is
not adjacent to an instrumented module,
the REALM-1 system is unable to detect
the majority of tagged items in the PMM.

During this REALM-2 mission, the
combined tags seen by REALM-1 and
REALM-2 reached 2,021 of a reported
2,819 total RFID tags on ISS at the time.
In contrast, REALM-1, alone, only read
1,404 of these tags.
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InSpace Manufacturing
(ISM)

« Synergy with manufacturing of REALM antennas and
housing

« The REALM-2 flight housing is additive manufactured
 Titanium RFID antenna bases

» Replace bulky polymer/metal composite bases used in
the past.

* Much lighter and stiffer as antenna bases
« Significant weight reductions

» Potential expansion of the REALM system with HYDRA PCB in ISM 3D-printed housing.
additional nodes for performance enhancement Weight: 56% of Aluminum housing, RF
loss: 2.25 dB, 1.8 dB for AL




Trash Management —
Trash Compaction and

Processing System
(TCPS)

Waste management technology to reduce trash volume
* Reduce risk of biological activity in trash

» Stabilize trash for efficient storage —

« Water recovery and manage gaseous effluents TCPS loaded with trash for testing
Contract awarded to Sierra Nevada Corp (in August 2022) to (atARC)
develop TCPS for an ISS flight demonstration

» Source Contaminant Control System (NASA’s risk reduction activities)

» Determine gaseous effluents from TCPS to characterize
system efficiency

» Characterize particulate matter released during TCPS ops
(particulate size, density and morphology)
Other Trash Management Efforts

* Planetary Protection = Policy applicable to trash mgt; contain all
waste to prevent microbial release if waste is left on planet’s surface

« Jettison - Option for discarding processed trash; study for a
launching system that can handle different waste types (size/shapes)

* Waste to Base - Develop low TRL solutions for trash mgt, CO,
processing, foam re-processing, and fecal processing

* Manual Trash Compactor - Design a manual compactor for use TCPS and Particulate SCCS/CatoX GasMet

during transit or on planetary surface (low power, mass and volume) Measurement System Bax:Boactor Measurement
System
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Trash Management-
Trash to Gas

» Trash to Gas: Solid trash deconstruction using thermal degradation
* Mass and volume reduction

» Potential to recover resources in the form of propellant or other
ECLSS commodities.

* Recovering water from the trash is highly desirable,
* Residual dry trash has properties that can be utilized to
« Convert to useful gases for fuel or commodity use,

«  Solids that will contain carbonaceous ash with crop
nutrients and metals. The processed residual trash
must be in a stable physical form and biologically
inert for long-term storage.

Orbital Syngas/Commaodity Augmentation Reactor (OSCAR)-Full Scale ground
system is in design phase - 4-crew Trash to Gas/Trash Venting System for
6.7kg/day trash processing. Larger throughput than OSCAR suborbital test unit.

SBIR Phase Il with Pioneer Astronautics: Advanced Organic Waste Gasifier
(AOWG) - full scale trash gasification and venting system has been successfully
ground tested, tested TCPS tiles

SBIR Ignite Ph1 Kicked off 1/2023: “Point-of-Use Recycling for Optimized Space-
Age Logistics.” Cecilia Energy: Catalytic Conversion of Waste Plastic to
Hydrogen.

IAA with NASA KSC/Air Force established 2/2023 — Developing microwave
plasma system for high throughput waste processing.

OSCAR Reactor with ~22grams of
shredded TCPS tiles

Subscale Trash to Gas
OSCAR reactor




ACS — Advanced
Clothing System

+ Clothing represents about 25% of an astronaut’s crew provisions (excluding food)
« There are no current washer/dryers certified for space

« Through a Space Act Agreement with Procter and Gamble (P&G), researchers
developed Tide Infinity™ detergent to meet the constraints of being fully
degradable and compatible with closed loop air and water systems

+ Testing planned in the Crew Health And Performance Exploration Analog (CHAPEA) at
JSC starting this summer

 In-situ hydrogen peroxide generator being developed by the ACS team in
collaboration with the EC Life Support project’s air team and small business
partner Faraday Technologies

» Clothing for ISS is certified to meet flammability requirements up to 30% O, at
10.2psia, but capability up to 36% O, at 8.3 psia is desired for exploration
missions

+ Several SBIR and STTR contracts are underway looking into fire retardant treatments
as well as fundamentally lower flammability fibers

Trade names and trademarks are used in this report for identification only. Their usage does not constitute an official
endorsement, either expressed or implied, by the National Aeronautics and Space Administration.




| Conf on Environmental
St. Paul, Minnesota

Design of a Jettison System For Space

These include
combustion, compaction, & faction, and convertin; stored base
polymer for future use. Human exploration missions require large amounts of supplies such
as food, clothing and spare parts. A many-month journey to Mars will still result in the

is thought that this waste

The ability to jettison requ
components inclide a launche: g system. Depending upon
mission requirements, a jettison dedicated airlock may be necessary. In other cases, the crew
airlock might be all that is needed. This paper will discuss these design issues and give
guidance to a pathwa ard.

SE&| — Systems

Engineering & Integration

B TRASH MANAGEMENT (Slide 1 of 2)
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* SE&I helps other LR elements optimize and fit into the big picture
(e.g., roadmaps)

* Some high energy missions such as Mars Transit have a very strong
driver to get rid of waste during the mission to reduce vehicle mass
and thus propellant use. SE&I trade studies include:

° J

ettison optimization (ICES 2022)

* Trash-to-gas technology vs. physical jettison (ICES 2023)
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MOON LIGHTS THE WAY
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» Logistics Reduction:
* Helps improve current programs
* Prepares for Moon and Mars Missions

 Informs decisions on hardware and
operational strategies



Questions or
Feedback? \

* Melissa K. McKinley

* Exploration Capabilities
Logistics Reduction Project
Manager
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